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Background: To identify risk factors and long-term outcomes for acute kidney injury (AKI) in elderly
patients who underwent type A acute aortic dissection (TA-AAD) emergency surgeries.

Methods: This retrospective study enrolled 214 consecutive patients who underwent TA-AAD emergency
surgeries between January 2014 to December 2018 in Nanjing Drum Tower hospital. The diagnosis of
AKI was made based on the Kidney Disease: Improving Global Outcomes definition (KDIGO) criteria.
Multivariable regression analysis was performed to identify risk factors for postoperative AKI. Kaplan-
Meier curves were generated to compare the long-term outcomes between patients with and without AKI
complication after TA-AAD surgeries.

Results: Among all enrolled patients, 114 (53.3%) developed AKI during postoperative period. The
median age of patients with or without AKI was 68.0 (64.0, 74.0) and 66.0 (62.0, 72.8) years respectively.
Renal replacement therapy (RRT) was required in 43 patients (20.1%). The 30-day mortality rate was 21.5%
in all enrolled patients with 26.3% in AKI group and 16.0% in non-AKI group (P=0.067) respectively.
Longer mechanical ventilation duration was identified as the only independent risk factor for developing AKI
by multivariable logistic regression analysis. In addition, our data suggested that the long-term cumulative
survival rate was different between two groups.

Conclusions: Postoperative AKI after TA-AAD surgeries was common and associated with worsened
long-term mortality in elderly patients. Longer postoperative mechanical ventilation duration was identified

as the only independent risk factor for the development of AKI.
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Introduction development of AKI after type A acute aortic dissection (TA-

Acute kidney injury (AKT) is a common complication after AAD) surgeries also decreases long-term survival rate (3).

aortic dissection surgery that increases patients’ mortality In our aging society, the number of elderly patients

rate (1). The incidence of AKI after aortic surgery was
reported from 20% to 67%, which was higher compared
with other cardiac procedures (2). It has been known that the
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undergoing emergency surgery for TA-AAD has been
steadily increasing. Epidemiology studies have shown that

people with advancing age are associated with increasing
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Table 1 Kidney Disease Improving Global Outcomes (KDIGO)
criteria for acute kidney injury

Stage Serum creatinine (sCr) increase

1 1.5-1.9 times baseline or 0.3 mg/dL increase
2 2.0-2.9 times baseline
3 >3.0 times baseline or increase in sCr to >4.0 mg/dL

or initiation of renal replacement therapy

possibility of developing AKI, possibly due to the intrinsic
morphological and functional changes of their kidneys (4).
In addition, other factors such as preexisting comorbidities
and overall declined health conditions may also contribute
to AKI development. However, the association between
AKI and TA-AAD surgeries in elderly has not been well
studied. In order to identify patients with increased risk,
this retrospective study was designed to investigate the
incidence, risk factors and long-term outcomes of AKI in
elderly patients who underwent emergency surgery for TA-
AAD. We present the following article in accordance with
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-2018).

Methods
Patients

The ethics committee of Nanjing Drum Tower hospital
approved this retrospective study and waived the need
for individual informed consent due to the nature of this
study. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). 222 consecutive
patients who enrolled in this study were all above 60 years
old and underwent emergent TA-AAD surgery between
January 2014 to December 2018 in Nanjing Drum
Tower hospital. Their medical records were reviewed
retrospectively. Patients who received preoperative renal
replacement therapy (RRT) were excluded because of the
difficulty in measuring the progression of renal dysfunction.
Patients who died within 24 hours postoperatively were
excluded were also excluded because their mortality was not
associated with renal dysfunction. Eventually, a total of 214
patients enrolled in this study.

Definitions

Elderly was defined according to Chinese law (>60 years
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old). The diagnosis of AKI was made according to the
Kidney Disease Improving Global Outcomes (KDIGO)
criteria which mainly based on the increase of serum
creatine (sCr) (5). The diagnosing criteria and classification
were shown in Table 1. The diagnosis of aortic dissection
was verified in all patients with computed tomography
angiography (CTA) examination of aorta. The acute
and subacute phases were defined as the time from the
symptom onset to hospital admission less than 14 days.
The posterior parallel circulation (PPC) time referred to
the time from opening of ascending aorta to completion of
cardiopulmonary bypass (CPB). The kidney blood supply
was divided into true lumen, false lumen or double cavity
blood supply groups based on preoperative CTA.

Outcomes

The primary endpoint was long-term survival rate. The
events associated with primary endpoint referred to death
from any cause. Evaluation of patients’ general health
status was conducted through questionnaire once a year to
all patients who have undergone TA-AAD operation since
2014. If patients did not respond to mailed questionnaire,
telephone contact was made to obtain current health status
information. If patients passed away at the time of telephone
contact, information about date and cause of death was
obtained from relatives. Cause of death were categorized as
follows: aortic rupture, cardiac failure, respiratory failure
and others. The median follow-up period was 29 months.

Secondary endpoints were early postoperative clinical
characteristics and surgical complications. The early
postoperative clinical characteristics included drainage
volume 24 hours after surgery, mechanical ventilation
duration, 30-day mortality, intensive care unit (ICU) stay
time and hospital stay time. Surgical complications included
re-exploration for bleeding, postoperative renal replacement
therapy (RRT), stroke, paraplegia, tracheostomy and deep
sternal wound infection (Tuble 2).

Strategies to prevent postoperative AKI

Prompt resuscitation of the circulation with fluids,
vasopressors and inotropes remains the cornerstone
in prevention of AKI. Volume expansion with isotonic
crystalloids was only recommended when hypovolemia was
suspected. Following or together with fluid resuscitation
hypotensive patients were given vasoconstrictor, preferably
norepinephrine. All drugs known to be nephrotoxic were
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Table 2 Comparison of postoperative variables

Variables AKI (n=114) Non-AKI (n=100) P value®

Clinical characteristics
Drainage volume 24 hours after surgery (mL) 525.0 (327.5, 972.5) 450.0 (255.5, 690.0) 0.155
Ventilation time (hour) 25.5(12.8, 65.5) 14.0 (10.0, 21.6) 0.002
30-day mortality (%) 30 (26.3) 16 (16.0) 0.067
ICU stay time (day) 6.0 (4.0, 13.0) 4.0 (3.0, 7.0) <0.001
Hospital stay time (day) 21.5(15.0, 32.3) 18.0 (14.0, 23.0) 0.006

Surgical complications
Re-exploration for bleeding (%) 5(4.4) 5(5.0) 1.000
Dialysis (%) 31(27.2) 12 (12.0) 0.006
Stroke (%) 12 (10.5) 8 (8.0) 0.526
Paraplegia (%) 2(1.8) 3(3.0) 0.666
Tracheostomy (%) 6 (5.3) 5(5.0) 0.931
Deep sternal wound infection (%) 2(1.8) 3(3.0) 0.666

Data presented as n (%); median (IQR). ICU, intensive care unit. °P values indicate differences between AKI and Non-AKI. P<0.05 was

considered statistically significant.

used with extreme cautious and discontinued promptly when
possible. Diuretics should not be used for prevention of
AKT alone but may benefit renal function by relieving renal
congestion (6). When elevated sCr was discovered post-
initial surgery, medications such as ketosteril, compound
amino acid, or calcium dobesilate were prescribed.

Surgical procedures

All patients underwent standard median sternotomy
and total CPB. After systemic heparinization, CPB was
established by cannulation of femoral artery or right axillary
artery with right atrium. Cannulation of the right axillary
artery was preferred when CPB and unilateral selective
cerebral perfusion (SCP) were both required. The mean
arterial pressure was maintained between 55 and 75 mmHg.
After the establishment of CPB, systemic heparinization
was initiated. Next, after clamping the ascending aorta,
cardiac arrest was accomplished with cold cardioplegic
solution, and cold blood cardioplegia (4:1 blood:crystalloid
ratio) was infused by both anterograde and retrograde
infusion method. Circulation arrest was initiated when
cooling reached its target rectal temperature of 22 °C, and
the temperature maintained 18-22 °C during the circulation
arrest period. Whether to perform an aortic valve
replacement depended on the condition of the aortic valve.
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Total arch replacement (TAR) method was selected when
major dissection teared around aortic arch or proximal
descending aorta and/or diameter of aortic arch was greater
than 4 cm on contrast CTA. Systemic rewarming was started
after the completion of anastomosis to the left common
carotid artery and the proximal reconstruction marked the
completion of a standard CPB surgery. All patients were
then transferred to ICU for routine monitoring.

Statistical analysis

Categorical variables were presented as frequencies with
percentages and analyzed with Chi-square or Fisher exact
test, as appropriate. Continuous variables were expressed
as median and interquartile IQR). The student 7-test was
applied for normally distributed continuous variables and
the Mann-Whitney U test for nonnormally distributed
variables.

"To identify potential risk factors for the development
of AKI, multivariable logistic regression analyses were
performed. Considering the relatively low number of AKI
(n=114) in the cohort and in order to avoid overfitting in
the model, variables with P<0.50 were selected for further
multivariable logistic regression models. 12 parameters were
identified (Zible 3). Kaplan-Meier survival curve was applied
for long-term survival analysis which further examined by
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Table 3 Multivariable analysis of risk factors for acute kidney injury
with KDIGO

Variable OR 95% ClI P value
Age 1.031 0.951-1.119 0.456
Previous cardiac surgery 1.143 0.130-10.063 0.904
sCr 0.994 0.983-1.004 0.219
PLT 0.999 0.990-1.008 0.790
Fibrinogen 1.069 0.717-1.595 0.743
Left renal artery: true lumen 0.410 0.113-1.493 0.176

Right renal artery: true lumen 0.691 0.172-2.766 0.601

CPB time 1.003 0.991-1.015 0.640
PPC time 1.029 0.999-1.060 0.058
DHCA time 0.983 0.933-1.036 0.522
Drainage volume 24 hours after 1.001 1.000-1.002 0.248
surgery

Ventilation time (hour) 1.029 1.007-1.051 0.009

SCr, serum creatinine; PLT, platelet; CPB, cardiopulmonary
bypass; PPC, posterior parallel circulation; DHCA, deep
hypothermic circulatory arrest; OR, odds ratio; Cl, confidence
interval. P<0.05 was considered statistically significant.

Log-Rank test.

All analyses were two-sided, and P<0.05 was considered
statistically significant. Data was analyzed with SPSS software
for windows (version 25.0 IBM Corp, Armonk, NY).

Results
Demographic and clinical features

A total of 214 patients who received TA-AAD emergency
operation were enrolled in this retrospective study and
divided into AKI group (114 cases) and non-AKI group (100
cases). Patients’ preoperative characteristics were presented
in Table 4. According to KIDGO criteria, 114 (53.3%)
patients were diagnosed with postoperative AKI and 43
(20.1%) required RRT. The median age of patients with
or without AKT was 68.0 (64.0, 74.0) and 66.0 (62.0, 72.8)
years respectively. Our data suggested that there was no
significant difference identified in preoperative parameters
and operative variables between two groups (7ables 4,5).

Short-term outcomes

As indicated in Table 2, patients in AKI group had a
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significantly increased incidence of having in-hospital
complications compared to non-AKI group. The percentage
of patients required dialysis treatment was significantly
higher in AKI group (27.2%) compared to non-AKI
group (12.0%) (P=0.006). In addition, we discovered that
patients complicated with AKI required longer mechanical
ventilation, ICU and total hospitalization stay. The
30-day mortality rate was 21.5% in all enrolled patients with
26.3% in AKI group and 16.0% in non-AKI group (P=0.067)
respectively. Longer mechanical ventilation duration (OR,
1.029; 95% CI, 1.007-1.051; P=0.009) was identified as an
independent risk factor associated with postoperative AKI
based on the multivariable analysis (Table 3).

Long-term outcome

34 patients in AKI group and 16 in non-AKI group died
during hospitalization and were excluded from the long-
term outcome analysis. As a result, a total of 80 AKI
patients and 84 non-AKI were included in the follow-up.
10 patients were lost during follow-up period, including
4 patients in AKI group and 6 in non-AKI group, and they
were excluded from the subsequent long-term survival
analysis. The median follow-up period was 29 months.
We identified a total of 14 deaths in the follow-up period,
including 11 patients in AKI group and 3 in non-AKI
group. The most frequent cause of late mortality was aortic
rupture, followed by cardiac failure and respiratory failure
(1able 6). The Kaplan-Meier test suggested a significant
difference of long-term survival rate between patients with
and without AKI (P=0.019) (Figure I).

Discussion

In this retrospective study, we identified the incidence, risk
factors, short-term and long-term outcomes for elderly
TA-AAD patients who complicated with AKI. Among all
enrolled 214 patients, 114 (53.3%) developed postoperative
AKI and 43 (20.1%) of whom required RRT. The
30-day mortality rate was 26.3% in AKI group and 16.0%
in non-AKI group. Multivariable logistic regression analysis
demonstrated that longer mechanical ventilation duration
was an independent risk factor for developing postoperative
AKI. Our data suggested that shorten mechanical
ventilation duration as much as possible might help
reducing postoperative AKI incidence. To our knowledge,
this was the first study to examine the incidence, risk factors
and long-term outcomes for AKI complication after TA-
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Variables

AKI (n=114)

Non-AKI (n=100)

P value®

Demographic data
Age (year)
Male (%)
BMI (kg/m?)
Medical history
Hypertension (%)
Diabetes mellitus (%)
Previous cardiac surgery (%)
Previous coronary artery disease (%)
Cerebrovascular disease (%)
LVEF (%)
Pericardial effusion (%)
Preoperative laboratory data
WBC (10°/L)
sCr (umol/L)
PLT (10°/L)
ALB (g/L)
Fibrinogen (g/L)
Triglyceride (mmol/L)
D-dimer (ng/mL)
Preoperative CTA
Left renal artery: true lumen (%)

Right renal artery: true lumen (%)

68.0 (64.0, 74.0)
64 (56.1)
24.2 (22.0, 26.7)

56.0 (52.0, 58.0)
5 (4.4)

9.5 (6.9, 12.0)
81.1 (59.0, 116.0)
135.5 (89.8, 172.0)
36.2 (32.1, 38.6)
2.2(1.6,3.2)
0.8 (0.6,1.2)
6.0 (2.2, 12.5)

61 (77.0)
70 (85.4)

66.0 (62.0, 72.8)
59 (59.0)
24.2 (22.0, 27.3)

74 (74.0)

55.0 (51.5, 60.0)
4 (4.0)

9.2 (7.7, 12.1)
83.0 (63.2, 123.0)
125.0 (87.0, 171.0)
35.5 (33.6, 38.3)
2.5 (1.7, 3.7)
0.8 (0.6, 1.1)
6.3 (2.4, 8.6)

63 (79.7)
71(89.9)

0.178
0.673
0.870

0.958
0.625
0.393
0.595
0.718
0.812
1.000

0.857
0.449
0.473
0.957
0.149
0.810
0.550

0.419
0.386

Data presented as n (%); median (IQR). BMI, body mass index; LVEF, left ventricular ejection fraction; WBC, white blood cell; SCr, serum
creatinine; PLT, platelet; ALB, albumin; CTA, computed tomography angiography. °P values indicate differences between AKI and Non-AKI.

P<0.05 was considered statistically significant.

Table 5 Comparison of operative variables

Variables AKI (n=114) Non-AKI (n=100) P value®
TAR (%) 53 (46.5) 35 (35.0) 0.088
CABG/MVR/MVP/TVP (%) 12 (10.5) 10 (10.0) 0.899
Aortic valve (%) 28 (24.6) 25 (25.0) 0.941
CPB time (min) 225.0 (187.5, 276.5) 213.5 (179.5, 252.0) 0.178
PPC time (min) 48.0 (35.0, 68.0) 43.5 (32.3, 58.0) 0.177
Aortic cross-clamp time (min) 153.0 (120.0, 189.5) 154.0 (123.0, 190.0) 0.939
DHCA time (min) 28.0 (19.0, 35.0) 25.5(16.3, 35.8) 0.359

Data presented as n (%); median (IQR). TAR, total arch replacement; CABG, coronary artery bypass graft; MVR, mitral valve replacement;
MVP, mitral valvuloplasty; TVP, tricuspid valvuloplasty; CPB, cardiopulmonary bypass; PPC, posterior parallel circulation; DHCA, deep
hypothermic circulatory arrest. °P values indicate differences between AKI and non-AKI. P<0.05 was considered statistically significant.
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Table 6 Causes of late mortality (n=14)

Overall cohort

Cause of late mortality

AKI (n=11) Non-AKI (n=3)
Aortic rupture 4 1
Cardiac failure 2 1
Respiratory failure 1
Unknown 4 1

1 .0 _LT\_‘—H+
0.8 M
©
2
>
5 0.6
2]
2 Log-rank P=0.019
K
g 0.4 1Non-AKI
S —TAKI
O ~—f—Non-AKI-censored
—F— AKI-censored
0.2 Patients at risk
Non-AKI
84 59 40 18
AKI
0.0 80 58 37 16
0 20 40 60 80

Postoperative months

Figure 1 Kaplan-Meier estimate for late survival of patients
operated on for type A acute aortic dissection according to the

presence of postoperative acute kidney injury (AKI).

AAD emergency surgery in elderly patients.

AKI is an important complication after cardiac
surgery and closely associates with worse prognosis (7).
While there are multiple published studies on incidence
of postoperative AKI, no consensus has been reached
yet. Sasabuchi and his colleagues (3) reported that the
incidence of AKI in aortic arch surgery was 44.9% and
only 14 cases needed RRT, which was lower than what
we reported in this study. The higher incidence of AKI
(53.3%) in this study indicated that the elderly patients
might more vulnerable to kidney injury after surgery, as
suggested in previous studies that advanced age being an
important risk factor for postoperative AKI (8-10).

The overall 30-day mortality was 21.5% (46 of
214 patients), which seemed higher than previous reported
(1,3,11). However, this result proved the idea that advanced
age being an important risk for increased morbidity
and mortality rate in TA-AAD patients after surgery
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(12-15). This age-related difference may be explained by
that elderly patients are prone to develop lethal multiple
organs dysfunction syndrome (MODS) when complicating
with AKI (16). Several studies have suggested that
postoperative AKI was associated with increased mortality
in aortic surgery. However, we only observed a trend but
did not reach statistical significance in 30-day mortality
rate between groups in this study. This may due to the
relatively small number of patients we enrolled in this
study. However, we did discover a significant difference
in the long-term mortality rate between patients with
and without postoperative AKI. A previous meta-analysis
shown that patients with AKI had higher risk of developing
chronic kidney disease and end-stage renal dysfunction (17).
Although renal function after hospital discharge was not
evaluated in the present study, it is only reasonable to
speculate that patients with AKI were more likely to have
chronic kidney disease and/or end-stage renal disease and
contributed to their higher mortality rate. As suggested in
this study, early discovering patients with increased risk and
preventing postoperative AKI are crucial to improve elderly
patients’ prognosis.

Longer mechanical ventilation duration was identified as
the only independent risk factor for postoperative AKI base
on the logistic regression model, which was consistent with
previous study that the prolonged usage of ventilator was
an important trigger for AKI in patients underwent cardiac
surgeries (18). Van den Akker and colleagues suggested
in their meta-analysis that mechanical ventilation longer
than 24 hours was associated with a threefold increase in
the risk for developing AKI in critically ill patients (19).
Even though it has not been well established, the prolonged
mechanical ventilation related AKI and even acute
renal failure (ARF) may be explained by three possible
mechanisms: (I) through effects on arterial blood gases;
(II) through an effect on systemic and renal blood flow;
(III) by triggering a pulmonary inflammatory reaction
induced during biotrauma that further mediates systemic
changes (20). Based on what we have learnt from this study,
we recommend to minimize the mechanical ventilation
duration as much as possible in order to reduce the risk of
developing AKI after surgeries.

Multiple factors might affect postoperative respiratory
status following TA-AAD surgery and prolonged mechanical
ventilation duration. Li er /. reported that increased
leukocytes, age and time from symptom onset to surgery
were risk factors for prolonged mechanical ventilation for
TA-AAD patients (21). Kimura and colleagues found that
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preoperative shock history, limb ischemia and concomitant
coronary artery bypass grafting (CABQG) increased the
risk of prolonged mechanical ventilation after TA-AAD
surgery (22). As prolonged mechanical ventilation was
identified as a risk factor of postoperative AKI for elderly
TA-AAD patients in our study, acknowledging potential
confounding factors that might prolong mechanical
ventilation might benefit patients’ postoperative management.

In contrast with previous studies (1,23), we found
increased preoperative sCr level was not associated with
worse renal function in our cohort which might be explained
by following reasons. SCr is not always a perfect surrogate
of renal function, for its dependence on several nonrenal
factors (24). An increase of creatinine may be measured only
after a considerable loss of glomerular filtration rate (GFR)
and has a delayed effect of reflecting acute renal damage.
Novel biomarkers, such as neutrophil gelatinase-associated
lipocalin (NGAL) and cystatin C, have been correlated with
the duration and severity of AKI after adult cardiac surgery
and have been identified as better independent predictors
of AKI, when compared to conventional biomarkers (25).
Similarly, a previous study suggested that measurement of
sCr on arrival at ICU after cardiac surgery was not a reliable
predictor of AKI (26). Therefore, studies were needed to
explore the value of novel biomarkers in predicting duration
and severity of postoperative AKI in elderly TA-AAD
patients.

Forty-three (20.1%) AKI patients in this study required
postoperative RRT. This percentage was much higher
compared to other studies which ranging from 6% to
14% (1,3,11,14,15). Roh and colleagues (1) suggested that
prompt application of RRT might improve outcomes.
However, as presented in our previous study, we discovered
that patients with timely postoperative RRT still suffered
from higher perioperative mortality and postoperative
morbidity rates (27). RRT procedure itself may lead to
circulation instability, infection, thrombosis, electrolyte
imbalance and other complications that may affect patients’
recovery and prognosis (28). This study demonstrated that
a higher incidence of AKI was associated with a higher
dialysis rate and a worse long-term mortality rate.

Study limitations

This study has its limitations. Firstly, this was a single-
center retrospective study, with a cohort that might not
necessarily representable for the general population.
Secondly, many previous studies (1,14,23,29) used RIFLE
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or AKIN classification as the diagnostic criteria for AKI
while we used KDIGO in the current study. This difference
may induce some difficulties when comparing our results
with previous studies. Thirdly, although the causes of deaths
after discharge were collected in this study, but they were
not confirmed by autopsy. Finally, we only used the changes
in sCr level for KDIGO classification since accurate data
regarding urine output was unavailable which might result
in an underestimation of the incidence of AKI.

Conclusions

In conclusion, our study demonstrated that the
development of AKI after TA-AAD surgery was common
in elderly patients and it adversely affected long-term
survival. Prolonged postoperative mechanical ventilation
duration was associated with the development of AKI. To
improve the prognosis in elderly patients who received TA-
AAD surgery, more attention should be paid to prevent
postoperative AKI.
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